Introduction
The epidermis provides a vital, first-line barrier for protection against environmental assaults such as microbial infections and transepidermal loss of fluids. Homeostasis of this exquisitely ordered organ is fuelled by different resident stem cells that enable constitutive renewal of the stratified squamous epithelium as well as its various epidermal appendages (Blanpain and Fuchs 2009) . The integrity of this physical barrier function is, however, occasionally compromised by congenital dysregulation of, for example, cytokeratins (Coulombe et al. 2009 ), proteases (de Veer et al. 2014; Sales et al. 2010 ) and ion pumps (Sakuntabhai et al. 1999 ). In addition, certain autoimmune diseases targeting such antigens also perturb skin homeostasis (Nishie 2014; Stanley and Amagai 2006) and the subsequent pathogenesis (e.g., severity of blister formation) may be further exacerbated by local plasminogen activation (Liu et al. 2005) . Being a highly exposed and proliferative tissue, the epidermis is furthermore prone to developing a number of neoplastic lesions that may be invasive, such as keratoacanthoma, basal cell carcinoma, squamous cell carcinoma, benign nevi and malignant melanoma (Madan et al. 2010; Schwartz 1994 ; Thompson et al. 2005) .
In the present study, we have investigated various congenital and acquired skin lesions for the expression patterns of two glycolipid-anchored membrane biomarkers, C4.4A and Haldisin, which are associated with early and late squamous differentiation, respectively. These two proteins are predicted structural homologs belonging to the Ly6/uPAR/α-neurotoxin (LU) protein domain family. Along with the urokinase-type plasminogen activator receptor, uPAR (Ploug 2013) , TEX101 (Fujihara et al. 2013 ) and CD177 (Hu et al. 2014) , they constitute the few multidomain members of this family, all of which are encoded by a small gene cluster located on human chromosome region 19q13 (Jacobsen and Ploug 2008) . Immunohistochemical surveys of resected organs from mice demonstrate that C4.4A is predominantly expressed in stratum spinosum of the squamous epithelium (Kriegbaum et al. 2011) , whereas Haldisin expression primarily is confined to stratum granulosum (Gårdsvoll et al. 2013) . The biochemical and cellular functions of these proteins in the squamous epithelium remain speculative, but circumstantial experimental evidence has led to the proposition that C4.4A may be involved in cell adhesion and cell migration (Paret et al. 2005; Rösel et al. 1998; Smith et al. 2001) . In line with this, C4.4A was originally identified in two independent screens for metastasis-associated proteins (Claas et al. 1996; Matzku et al. 1989 ) and proteins involved in wound healing of the urothelium (Smith et al. 2001) . In pathological conditions, high C4.4A expression levels have been correlated with poor survival of patients with non-small cell lung adenocarcinoma, but not for patients with squamous cell carcinoma (Hansen et al. 2007; Jacobsen et al. 2013) , which most likely pertains to the robust induction of C4.4A in the bronchial epithelium already during the early non-malignant stages of hyperplasia and metaplasia (Jacobsen et al. 2012) . High C4.4A levels are furthermore reported to be correlated to poor prognosis in patients with colorectal cancer (Konishi et al. 2010; Oshiro et al. 2012) , gastric cancer (Cheng et al. 2014 ) and esophageal cancer (Ohtsuka et al. 2013a ). The expression pattern of C4.4A has additionally been investigated in a number of other human cancer lesions and their corresponding metastases, including urothelial transitional cell carcinoma (Smith et al. 2001) , esophageal squamous cell carcinoma (Hansen et al. 2008; Ohtsuka et al. 2013b ), mammary adenocarcinoma (Miyake et al. 2013 ) and malignant melanoma (Seiter et al. 2001) .
Due to the potential role of C4.4A in cell adhesion and the strict regulation of both C4.4A and Haldisin expression during squamous differentiation, we have focused our present study on a selection of blistering diseases, including subtypes of pemphigus, bullous pemphigoid and Darier disease. They are all characterized by the pathological detachment of keratinocytes but differ by the locations of the lesions in the stratified squamous epithelium. We also included a heterogeneous group of skin lesions with dysregulated differentiation programs such as psoriasis, lichen ruber planus and ichthyosis. Because previous studies have correlated C4.4A expression to survival in various human carcinoma patients (Cheng et al. 2014; Hansen et al. 2007; Jacobsen et al. 2013; Konishi et al. 2010; Ohtsuka et al. 2013a) , we have also expanded our study on C4.4A and Haldisin expression to include various skin cancer precursor lesions, such as actinic keratosis, carcinoma in situ, and the benign, but often infiltrating, lesion of keratoacanthoma as well as invasive malignant lesions including basal cell carcinoma, squamous cell carcinoma and malignant melanoma.
Materials & Methods

Proteins and Antibodies
Recombinant human C4.4A and Haldisin as well as rabbit anti-C4.4A and anti-Haldisin polyclonal antibodies (pAb) were generated and purified as previously described (Gårdsvoll et al. 2013; Hansen et al. 2004) . Rabbit anticytokeratin (CK) 5 pAb (ab24647), mouse anti-CK14 monoclonal antibody (mAb) (ab7800) and rabbit anti-loricrin pAb (ab24722) were purchased from Abcam (Cambridge, UK). Mouse anti-CK1 mAb (MMS-194I, clone 34βB4, ready-to-use lot. 14813601) and anti-profilaggrin pAb (51-2100) were from Covance (Princeton, NJ) and Zymed (San Francisco, CA), respectively. Mouse anti-CK10 mAb (M7002), rabbit IgG of irrelevant specificity (X903) as well as horseradish peroxidase-labeled EnVision rabbit (K4003) and mouse (K4001) reagent were purchased from Dako (Glostrup, Denmark).
Patient Samples
Ninety-five skin specimens from a total of 86 patients were included in the study. The resected tissues were collected with diagnostic intent in the period from 2006 to 2013 at Oslo University Hospital (Oslo, Norway) and the histopathological diagnoses are listed in Tables 1 and 2 . Normal human skin collected during resection of mammary cancer was received from Rigshospitalet (Copenhagen, Denmark). All specimens were paraformaldehyde fixed and paraffin embedded. The experiments were approved by the Regional Scientific Ethics Committee (H-1-2012-141).
Immunohistochemistry
Immunohistochemical staining was performed as previously described (Kriegbaum et al. 2011) . In brief, 3-µm sections were deparaffinized and pre-treated with Proteinase K for 15 min at 37C for antigen retrieval of C4.4A and CK1 (10 µg/ml Proteinase K) and Haldisin (5 µg/ml Proteinase K). For CK10, CK5 and CK14 staining, the sections were treated in a T/T Micromed microwave processor (Milestone, Sorisol, Italy) at 98C for 10 min in 10 mM Tris, 0.5 mM EGTA (TEG) at pH 9.0. Subsequently, sections were incubated with 1% (v/v) hydrogen peroxide for 15 min followed by an overnight incubation at 4C with primary antibodies diluted in Antibody Diluent (S0809, Dako, Glostrup, Denmark) using the following concentrations: 2 µg/ml anti-C4.4A pAb, 1 µg/ml anti-Haldisin pAb, 1:1.5 dilution of anti-CK1 mAb, 0.3 µg/ml anti-CK10 mAb, 0.3 Sections of blistering lesions as well as lesions harboring a dysregulated differentiation were stained for C4.4A and Haldisin. The table lists the lesion types, the number of cases examined, a short description of the main characteristics of the diseases and, finally, an evaluation of the C4.4A and Haldisin expression patterns. The numbers of cases with the described expression signatures are noted.
µg/ml anti-CK5 pAb and 1.25 µg/ml anti-CK14 mAb. Envision horseradish peroxidase-labeled anti-rabbit or antimouse IgG were used for detection (45 min at room temperature) followed by color development with NovaRED (SK-4800, Vector Laboratories, Burlingame, CA) for 9 min, as specified by the manufacturer. Counterstaining was performed with Mayer's hematoxylin. Staining specificities were validated by 1-hr pre-absorptions of the antibodies with a 10-fold molar excess of the corresponding purified recombinant C4.4A and Haldisin before addition to the sections. Staining with matching concentrations of a rabbit IgG of irrelevant specificity served as additional controls and was performed in parallel.
In Vitro Transcription
Antisense and sense probes were generated from a pBlueScript KS+ plasmid containing a 677-base pair nucleotide sequence covering position 313-989 of human C4.4A cDNA (accession number AJ223603), as previously described (Hansen et al. 2004 ). In vitro transcription was performed using S-radioactivities of the probes were normalized to approximately 500,000 cpm/µl by dilution.
In Situ Hybridization
Under RNase-free conditions, paraffin sections (3 µm) were deparaffinized in xylene, hydrated through a series of ethanol/water solutions, and washed in phosphate-buffered saline (PBS) prior to heat treatment in TEG at 98C for 10 min, as described previously for the immunoperoxidase staining. Sections were subsequently dehydrated before incubation with the 35 S-labeled RNA sense and anti-sense probes (2×10 6 cpm/slide) in 16 µl hybridization mixture (50% deionized formamide, 0.02% (w/v) Ficoll 400, 10% dextran sulfate, 1 µg/µl t-RNA, 0.02% (w/v) polyvinylpyrrolidone, 0.02% (w/v) bovine serum albumin (BSA) Fraction V, 10 mM DTT, 300 mM NaCl, 0.5 mM EDTA, 10 mM Tris-HCl and 10 mM NaH 2 PO 4 , pH 6.8) overnight at 55C in a humidified chamber. The slides were then extensively washed in sodium citrate buffers (1×SCC: 0.015 M sodium citrate, 0.15 M sodium chloride, pH 7.0) containing 0.1% (w/v) sodium dodecyl sulfate (SDS) and 10 mM dithiothreitol (DTT) as follows: 10 min in 2×SCC, 10 min in 1×SCC, and 10 min in 0.2×SCC. This was followed by a 5-min wash in NTE buffer (10 mM Tris-HCl, 0.5 M sodium chloride, 1 mM EDTA, 10 mM DTT, pH 7.2) before any nonspecifically bound probe was removed enzymatically through an incubation for 10 min at 44C with RNase-A (20 µg/ml) in the above buffer without DTT. Finally, sections were washed twice for 5 min at 44C in the NTE buffer and twice for 10 min at 55C in 0.2×SCC with 10 mM DTT. All washes/incubations in SCC and NTE buffer were performed at 100 RPM in a Bühler incubation shaker (Johanna Otto, Hechingen, Germany). Finally, the sections were dehydrated in graded ethanol solutions containing 0.3 M ammonium acetate, soaked in an autoradiographic emulsion (Ilford, Imaging UK Limited, Mobberley, England), and exposed for 14 days at 4C before being developed. Slides were counterstained with Mayer's hematoxylin and eosin.
Results
C4.4A and Haldisin Expression in Normal Skin and Its Appendages
To establish a reference expression profile in normal homeostatic skin, we initially performed a comparative expression analysis of C4.4A and Haldisin by immunohistochemistry in normal healthy skin from human breast. As shown in Figure  1A and 1B, C4.4A and Haldisin were confined to two distinct compartments in the suprabasal layer of the epidermis; i.e. C4.4A being predominantly expressed in stratum spinosum and Haldisin in stratum granulosum, with only a marginal overlap in their expression occurring at the interface of these layers. This differential expression pattern was recapitulated in skin appendages including hair follicles, sebaceous and sweat glands. In hair follicles, C4.4A was found in the suprabasal layers of the outer root sheath as well as in the inner root sheath, whereas Haldisin expression was confined to the inner root sheath only (Fig. 1C, 1D ). Squamous epithelium of the infundibulum of sebaceous glands also cohered to this differential expression (Fig. 1E, 1F) . Finally, in the eccrine sweat glands, we found C4.4A to be expressed by the cuboidal epithelium of the distal ducts, whereas a patchy Haldisin expression appeared in the secretory compartment giving rise to a complementary expression pattern along the secretory pathway of the gland (Fig. 1G, 1H) .
The specificity of the immunohistochemical detection of C4.4A and Haldisin in human skin was validated by preabsorption controls (Supplemental Fig. S1 , compare panels A and D with panels B and E), using an irrelevant rabbit IgG (Supplemental Fig. S1C and S1F), and by in situ hybridization (Supplemental Fig. S1G-S1I ).
Non-invasive Skin Lesions
Due to the highly regulated expression of C4.4A and Haldisin in different compartments of squamous epithelia in general (Gårdsvoll et al. 2013; Kriegbaum et al. 2011) and in normal skin in particular, we conducted an expression survey of these proteins by immunohistochemistry in a large selection of human skin disorders. Initially, we focused on non-invasive human skin lesions, which we divided into blistering lesions with known underlying genetic aberrations and lesions harboring dysregulated differentiation (summarized in Table 1 ).
Blistering Skin Lesions
The heterogeneous group of blistering skin disorders comprised lesions with selective disruptions of cell-matrix or cell-cell adhesion in distinct epidermal layers spanning the stratum basale to the stratum granulosum. Based on circumstantial evidence, a role for C4.4A in cell adhesion has been proposed (Paret et al. 2005; Rösel et al. 1998; Smith et al. 2001 ) and we therefore speculated that the stringent expression in normal squamous epithelia could be affected by the attenuated adhesive force defining blistering diseases. Nonetheless, all skin lesions examined (bullous pemphigoid, epidermolysis bullosa dystrophica, pemphigus vulgaris, pemphigus foliaceus, subcorneal pustular dermatosis and Darier disease) revealed essentially unaltered expression profiles of C4.4A and Haldisin, even at the site of blister formation, when analyzed by immunohistochemistry. Only minor deviations from the normal expression patterns were observed, and these are noted in Table 1 . Examples of C4.4A expression in pemphigus vulgaris and Haldisin expression in pemphigus foliaceus are shown in Figure 2A and 2B, respectively, where the blistering foci are located just adjacent to the predominant expression sites for these proteins. Their expressions in Darier disease, where all suprabasal layers are acantholytic, are shown in Figure 2C and 2D, respectively.
Lesions with Dysregulated Differentiation
We next focused on skin lesions exhibiting dysregulated differentiation programs with manifestations in stratum spinosum and stratum granulosum, where C4.4A and Haldisin are expressed. Lichen ruber planus and psoriasis are inflammatory diseases where the dysregulated differentiation programs cause a thickening or loss of stratum granulosum, respectively. Ichthyosis, on the other hand, is a heterogeneous group of diseases characterized by a generalized scaling of the skin.
In accordance with the morphological manifestation and etiology of these diseases, we found that the Figure 1 . C4.4A and Haldisin are expressed in normal skin and appendages. Neighboring sections of normal human skin were stained using our polyclonal rabbit antibodies against C4.4A (A, C, E, G) and Haldisin (B, D, F, H). In the epidermis, C4.4A is primarily expressed in stratum spinosum (A) whereas the most prominent Haldisin expression is observed in stratum granulosum (B). In accordance with this, C4.4A is expressed in the suprabasal layer of the outer and inner root sheaths of the hair follicle (C), and in the epidermis of the sebaceous gland (E). Haldisin expression is observed in the inner root sheath of the hair follicles (D) and the granular layer of the sebaceous glands (F). In the sweat glands, C4.4A is expressed in ducts (G) and Haldisin in the gland structures (H). Insets show higher power micrographs of C4.4A and Haldisin expression in the hair follicle (panels C and D) and in the ducts and secretory structures of the sweat gland (panels G and H). d: dermis; sb: stratum basale; ss: stratum spinosum; sg: stratum granulosum; sc: stratum corneum; closed arrows: outer root sheath; open arrows: inner root sheath. Scale (A, B), 15 µm; (C-F), 100 µm; (G, H), 80 µm. molecular markers of late differentiation (profilaggrin and loricrin) were expressed in the thickened stratum granulosum and in stratum corneum of lichen ruber planus, but were attenuated or completely lost in psoriasis (Supplemental Fig. S2 ). In the normal epidermis as well as that of lichen ruber planus patients, Haldisin expression recapitulated the expression pattern of profilaggrin/loricrin (Supplemental Fig. S2A-2F ), except for its absence in stratum corneum. Somewhat unexpected, Haldisin expression was sustained in the psoriatic skin despite the absence of profilaggrin/loricrin (Supplemental Fig. S2G-2I ), suggesting that Haldisin defines a slightly earlier granular differentiation state than profilaggrin and loricrin. No obvious dysregulation of C4.4A and Haldisin were observed in the heterogeneous lesions of ichthyosis patients (Table 1) .
Precursor and Invasive Skin Lesions
Circumstantial evidence tends to favor a role for C4.4A in invasive and remodeling processes, as its expression is reported to be up-regulated in bladder wound healing in vitro (Smith et al. 2001) as well as in invasive areas of esophageal squamous cell carcinoma (Hansen et al. 2008) . As a consequence, we next focused our attention on neoplastic skin diseases with and without invasion, including cancer precursor lesions as well as infiltrating lesions (Table 2) . Special focus was given to C4.4A expression, as Haldisin expression is confined to a later and perhaps more terminal keratinocyte differentiation stage.
Precursor Lesions, Squamous Cell Carcinoma, Keratoacanthoma and Basal Cell Carcinoma
In the normal, well-stratified, and homeostatic epidermis CK1 and CK10 are exclusively confined to the suprabasal layers (CK1; Fig. 3E ), whereas CK5 and CK14 are highly expressed in the basal layer and are gradually lost upon acquisition of the spinous differentiation (CK14; Fig. 3H ). In the normal homeostatic skin C4.4A expression thus colocalizes with CK1 and CK10 (Fig. 3A) . To simplify and improve clarity of the following figures, only staining for CK1 and CK14 is shown.
A high C4.4A expression level was maintained in all five cases of actinic keratosis (Table 2) , which is considered as a precursor lesion of squamous cell carcinoma through the development of carcinoma in situ (Ko 2010) . In carcinoma in situ, 3 out of 5 cases revealed an attenuated C4.4A expression in the more basally localized keratinocytes of the spinous layer (Fig. 3B-3D ). This was recapitulated by the expression pattern for CK1 and CK10 (Fig.  3F-3G ) and complementary to that of CK5 and CK14 (Fig.  3I-3J ). With the progression to manifest highly invasive squamous cell carcinoma, the C4.4A expression of the tumor core remained consistently weak but, interestingly, high C4.4A expression level was regained in the deeply invading cancer cells of the invasive zones in 4 of 6 cases ( Fig. 4A-4C) . Surprisingly, this was no longer recapitulated by the CK1 and CK10 expression, which was entirely lost or confined to only a few tumor cell islands of high differentiation (Fig. 4D-4F) . Instead, the C4.4A expression profile in these deeply invasive lesions appeared to have shifted towards a differentiation state correlating with CK5 and CK14 expression levels ( Fig. 4G-4I ). Substantiating this intriguing shift in the cytokeratin association of C4.4A during invasion is the parallel data recorded for the benign but distinctly infiltrating cases of the early proliferative stage of keratoacanthomas (Fig. 5) . In this skin lesion, C4.4A expression also became attenuated in the center of the hyperproliferative core of the keratoacanthomas but a high expression was recovered in the deeply infiltrating cells in 4 of the 7 cases examined (Fig. 5A , 5B). This is closely associated with the patterns of CK5 and CK14 expression (Fig. 5G, 5H ) rather than those for CK1 and CK10 (Fig. 5D, 5E) ; thus, recapitulating the previous association found in squamous cell carcinoma. A particularly conspicuous illustration of this unique shift in cytokeratin association was observed during perineural invasion (Fig.  5 , compare panels C, F and I).
In contrast to the C4.4A expression patterns in squamous cell carcinomas and keratoacanthomas, C4.4A expression in basal cell carcinomas was only observed in scattered islands of cancer cells often in the vicinity of keratin pearls in keratotic subtypes, which revealed a confinement to more differentiated cells (as CK1; see Table 2 ) and C4.4A expression was consequently absent in the invasive front (data not shown).
Haldisin expression was partially or completely lost in all cases of carcinoma in situ, actinic keratosis, squamous cell carcinoma and basal cell carcinoma reflecting the general loss of highly differentiated cells in these lesions (Table 2) . Haldisin expression was consequently retained in differentiated layers of keratoacanthomas and correlated with the expression signatures of CK1 and CK10. 
Nevi, Malignant Melanomas and Metastases
A previous study showed that C4.4A mRNA levels were upregulated in malignant melanomas as well as in skin and lymph node metastases as compared to normal nevi when evaluated by RT-PCR and in situ hybridization (Seiter et al. 2001) . To further validate this, we performed both immunohistochemistry and in situ hybridization on nevi, malignant melanomas and metastases. In agreement with the original results reported by Seiter and coworkers, we did not observe neither protein nor mRNA expression of C4.4A in nevi (Fig. 6A-6C) . In contrast to the previous report, we nevertheless found that C4.4A expression remained absent in 12 of the examined 16 cases of malignant melanomas encompassing the most common subtypes, such as superficial spreading malignant melanoma, nodular melanoma, lentigo maligna melanoma, as well as in the less frequently occurring desmoplastic melanoma (Fig. 6D-6F) . A very weak expression was only observed in minor parts of 2 superficial spreading and 2 nodular malignant melanomas, whereas the majority of the tumor cells were C4.4A negative. C4.4A was also completely absent in all five examined cases of metastases (Fig. 6G-6I ).
Discussion
In the present study, we have examined the expression patterns of C4.4A and Haldisin, two newly discovered squamous differentiation markers (Gårdsvoll et al. 2013; Kriegbaum et al. 2011) , in a collection of skin diseases. Whereas we found no dramatic alterations in their expression signatures in the various blistering lesions covering most of the strata in the squamous epithelium, or in the lesions with dysregulated differentiation, we did observe attenuation in C4.4A expression in the lesion core of invasive squamous cell carcinomas and keratoacanthomas and a recovery of high expression in the deeply invasive fronts. Importantly, this was accompanied by an unexpected shift in the coupling of C4.4A expression to the traditional cytokeratin markers of differentiation. A similar shift in cytokeratin association of C4.4A was not observed in basal cell carcinomas originating from the C4.4A-negative stratum basale or in malignant melanomas, which hardly gained any C4.4A expression.
During normal homeostatic conditions, we observed a pronounced membrane-associated expression of C4.4A in those keratinocytes that were confined to the stratum spinosum of human skin and were positive for CK1 and CK10 (Fig. 3A, 3E ). Although this expression pattern is almost complementary to that of CK5 and CK14, which are prototypic markers of dividing keratinocytes in the stratum basale (Alam et al. 2011) , we, nevertheless, also observed an overlap in the expression of C4.4A with CK5/CK14 in the immediate suprabasal cell layer (Fig. 3A, 3H ). Bearing this in mind, it is noteworthy that the invasive squamous cell carcinomas and keratoacanthomas underwent a distinct shift in their association of membrane-bound C4.4A expression from predominantly CK1/10 to CK5/14 in the deeply infiltrating sheets of neoplastic keratinocytes (Figs. 4, 5) . Based on these observations and given the suggested role of C4.4A in cell adhesion, it is tempting to speculate that such invading keratinocytes recapitulate a differentiation state, where the balance between cell proliferation and cell adhesion is favored for collective cell migration and invasion. This furthermore seems independent of the chosen strategy for cell escape; i.e., invasion through the generation of de novo space through proteolytic degradation of the extracellular matrix in the deeper dermal layers as seen in both squamous cell carcinomas and keratoacanthomas (Figs. 4, 5) or cell movement along pre-existing structures, as seen in the perineural infiltrating keratoacanthomas (Fig. 5C, 5I ) (Alexander et al. 2013; Friedl and Alexander 2011) . Perineural invasion is a feature that is also observed in malignant squamous cell carcinomas of, for example, the esophagus , skin (Adams et al. 2014) , tongue (Shen et al. 2014 ) and oral cavity (Chatzistefanou et al. 2014) .
The presented CK5 and CK10 expression profiles mimic that reported in skin wound healing, which is often used as a surrogate model of cancer invasion (Johnsen et al. 1998) . During re-epithelialization of human wounds, CK5 is consistently expressed in the basal cells, but it also appears in the leading suprabasal keratinocytes closing the wound; CK10, on the other hand, is absent in these "activated" keratinocytes and is only expressed in the original intact epidermis (Patel et al. 2006) . C4.4A expression is sustained in these leading suprabasal keratinocytes of cutaneous wounds (Hansen et al. 2004) and is therefore also, in this setting, coupled to CK5 expression, which, as mentioned, may define a preferred differentiation state for collective cell migration.
Despite the invasive potential, keratoacanthomas are benign lesions and they regress spontaneously with time. The fact that high C4.4A expression is observed in the invasive fronts of both benign (keratoacanthoma) and malignant (squamous cell carcinoma) skin lesions points to an involvement of C4.4A in the invasive process independent of malignant potential. It should, however, be emphasized that invasion is a part of the malignant profile and that C4.4A positivity could be one step on the multistep pathway to obtaining a malignant phenotype. Along these lines of considerations, it is relevant that high C4.4A expression is observed in the invasive fronts of distinct carcinoma lesions, and high C4.4A levels are correlated with poor survival of patients suffering from different cancer types (Cheng et al. 2014; Hansen et al. 2007; Jacobsen et al. 2013; Konishi et al. 2010; Ohtsuka et al. 2013a) . Accordingly, the present C4.4A expression patterns in carcinoma in situ, squamous cell carcinoma and keratoacanthoma of the skin recapitulate the expression pattern previously observed in squamous cell carcinomas of the esophagus (Hansen et al. 2008) , wherein the expression is attenuated during carcinoma in situ and dysplasia, and high C4.4A expression is regained in the invasive areas and corresponding lymph node metastases. High C4.4A expression is furthermore correlated with poor survival of patients suffering from distinct carcinoma lesions including adenocarcinomas of the lung (Hansen et al. 2007; Jacobsen et al. 2013) . Whether the presence of C4.4A on the membranes of cancer cells can be further translated to a direct involvement in the ability of a tumor cell to metastasize, as initially proposed by Claas and coworkers (Claas et al. 1996) , remains nonetheless to be verified experimentally in vivo. Pertaining to the translational aspects of these findings, it is going to be interesting to follow the progress of a recently announced dose escalation Phase 1 study using a monoclonal anti-C4.4A antibody conjugated to auristatin E (BAY1129980) with intended use in patients with advanced solid tumors (ClinicalTrials.gov; NCT02134197).
